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A) Methods 

Strains and materials  

Aspergillus fumigatus Af2931 was a gift from JCVI (Rockville, MD, USA). Pseudomonas 

aeruginosa PA142 came from the D. Hung lab (Harvard Medical School, USA) and originated 

from F.M. Ausubel’s lab (Massachusetts General Hospital, USA).  All chemicals used for ISP2 

and YES media were purchased from Sigma-Aldrich. Organic solvents are purchased from J. 

T. Baker. Supelco Discovery DSC-18 20 ml SPE columns were obtained from Sigma-Aldrich. 

Universal MALDI matrix was purchased from Sigma-Aldrich. 1-hydroxyphenazine (1-HP; 2) 

(!95% GC) and 1-methoxyphenazine (1-MP; 4) (!93% GC) were purchased from TCI. 

Pyocyanin (PYO; 1) (!98% by HPLC) and 2-heptyl-3-hydroxy-4(1H)-quinolone (PQS; 11) 

(!96% by HPLC) were purchased from Sigma-Aldrich. Phenazine-1-carboxamide (PCN; 13) 

(95% by NMR) and phenazine-1-carboxylic acid (PCA; 3) (95% by NMR) were purchased from 

Princeton Biomolecular Research, Inc.  

 

General HPLC conditions 

All HPLC purifications were performed on an Agilent infinity 1260 HPLC equipped with a 

diode array detector, a manual injector, and a Biorad Model 2110 fraction collector. An 

analytical column (Luna C-18, 250 X 4.6 mm, 5µm, Phenomenex) or a semi-preparative 

column (C-18, 250 X 10 mm, 5 µm, Supelco) was used for sample analysis and purification at 

25oC. For the mobile phase, specified gradients of solvent A (H2O containing 0.1% TFA) and 

solvent B (acetonitrile containing 0.1% TFA) were used. 
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HPLC Purification of commercial phenazines used in this study 

HPLC chromatography and the information provided by the commercial suppliers 

indicated that the commercial phenazines were not pure, therefore we purified them by HPLC. 

1-HP (2) (1-2 mg / 150 µL MeOH, each run), PCA (3) (1 mg/ 400 µL MeOH/AcN = 1/1, each 

run), 1-MP (4) (1-2 mg /150 µL MeOH, each run), and PCN (13) (1 mg/400 µL, MeOH/AcN= 

1/1, each run) were purified by HPLC (C-18, 250 X 10 mm, 2ml/min) with a gradient of 40 to 

100% B in 25 min.  

 

Preparation of bacterial and fungal samples 

Co-culture and mono-culture of P. aeruginosa and A. fumigatus  

A. fumigatus spore stock was prepared by transfer of a fungal slant to YES agar (20 g 

agar, 150 g sucrose, 20 g yeast, 0.5 g MgSO4.7H2O, 5 mg CuSO4.5H2O, 10 mg ZnSO4.7H2O 

in 1L DI water). After incubation for 7 days at 28oC, spores were collected in 20% 

glycerol/water, CFU was adjusted to 7.2e6/ml and the spore stock was stored at -80oC. No 

tween detergent was used due to anticipated interference with mass spectrometry analysis. P. 

aeruginosa was grown from a single colony in LB overnight to stationary phase (OD= 1.2), 

diluted to a 20% glycerol/water stock, and stored in small aliquots at -80oC, CFU 1.6e8/ml). For 

the MALDI IMS experiments this frozen stock was used directly.  

P. aeruginosa (CFU 1.6e6) was inoculated at 5 mm distance from an A. fumigatus 

inoculum (CFU 7.2e4) on ISP2 agar (10 mL) in 100 O.D. x 25 mm Petri dishes (Fisherbrand). 

Similarly, P. aeruginosa and A. fumigatus were inoculated separately as controls. Samples 

were incubated for 12h, 24h, 36h and 48h at 30oC. A region of agar was cut covering both 
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organisms or the singly grown organism (ranging from 2 cm by 2 cm to 3 by 4 cm) and laid on 

top of a MALDI MSP 96 anchor plate.  

 

Interaction of A. fumigatus with phenazines for IMS studies  

An A. fumigatus inoculum (CFU 7.2 e4) on ISP2 agar was incubated for 24h at 30oC.  

Paper disks (6 mm diameter) were impregnated with 0.04 µmol of PYO (1) (in EtOH), 1-HP (2) 

(in EtOH), PCA (3) (in AcN), 1-MP (4) (in EtOH), PCN (13) (in AcN/EtOH= 1/1), PYO (1)+ PCA 

(3) (in EtOH and AcN respectively), or control solvents. The paper disks were allowed to air dry 

and placed adjacent to the outer edge of the pre-grown fungal colony. In addition, paper disks 

impregnated with the same amount of phenazines were placed on blank ISP2 agar. After 

incubation for an additional 24 h at 30oC a region of the agar containing the fungus and the 

paper disk was cut and transferred to a MALDI target plate. On the same MALDI plate an agar 

section containing the fungus grown adjacent to a blank paper disk was placed, in addition to a 

section of the agar containing the paper disk impregnated with control phenazine(s). All paper 

disks were removed prior to subsequent steps in sample preparation. 

MALDI-IMS 

A photograph was taken of the agar sections transferred to a MALDI MSP 96 anchor 

plates and the aerial hyphae of A. fumigatus were subsequently gently removed with a cotton 

swab dampened in acetonitrile. Another photograph was taken and a thin layer of universal 

matrix was applied to the sample using a 53 µm molecular sieve. Samples were dried at 37oC 

for a minimum of 5 h. 

The timecourse samples of P. aeruginosa – A. fumigatus interactions and the controls 

were subjected to Autoflex Bruker Daltonics MALDI-TOF MS for imaging MS acquisition and 
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the samples were run in positive reflectron mode, with 400 µm- 600 µm laser intervals in XY 

and a mass range of 100-3000 Da.  The fungal-phenazine samples were subjected to 

Microflex Bruker Daltonics MALDI-TOF MS for imaging MS acquisition and these samples 

were run in positive reflectron mode with 400-600 µm laser intervals in XY and a mass range 

of 100-2000 Da.  The data on both instruments were analyzed using FlexImaging 2.0 software. 

Detailed instrument parameters for collecting image data were described in reference 3. 

Intensity of metabolite ions in MALDI-IMS depends on various factors including concentration, 

and ionization efficiency.  

For the MALDI FT-ICR IMS of a 48h co-culture of P. aeruginosa and A. fumigatus and 

their controls mass spectra were acquired using a 9.4 T Apex Qe (Bruker Daltonics, Billerica 

MA) equipped with an Apollo II dual ion source and a 355 nm solid state Smartbeam laser 

focused to a diameter of 100 µm. Data were acquired and analyzed using the FlexImaging 

application with a pixel spacing of 450 µm for plate A and 150 µm for plate B. The mass 

spectrum at each pixel was accumulated from 3 scans of 200 laser shots each. The scanned 

mass range was 100-600 Da. 

 

General extraction protocols for MS analysis 

To identify the ions of interest observed in the MALDI-IMS, co-cultures of P. aeruginosa 

and A. fumigatus (as described above) and singly grown organisms were subjected to a variety 

of extraction protocols and analyzed by MS and MS/MS network analysis. 

1) Ten ISP2 agar plates were inoculated each with two P. aeruginosa - A. fumigatus 

interactions or singly grown organisms as described above. The plates were incubated for 

48h at 30oC and rectangles were cut containing the co-cultures, sliced in small pieces, and 
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placed in 20 mL glass vials.  The agar was extracted with EtOAc (2x 10 mL), and 

subsequently with MeOH (2X 10 mL). Both organic layers were kept separately and were 

concentrated in vacuo, resuspended in MeOH and centrifuged. The EtOAc extract and the 

subsequent MeOH extract were each fractionated by HPLC (C-18, 250 x 10 mm, 2 ml/min) 

with a gradient of 10 to 100% B in 35 minutes and fractions were analyzed by MS. 

2) Four ISP2 agar plates inoculated with two P. aeruginosa - A. fumigatus interactions or 

singly grown organisms as described above, were incubated at 30oC for 48 h. Rectangles 

containing both organisms were excised, cut in small pieces, and extracted twice with 

nBuOH (8 ml each). The organic solvent was concentrated in vacuo, the residue 

resuspended in MeOH and centrifuged. The supernatant was subjected to MS and data 

dependent MS2 analysis and the data was converted to MS/MS networks as described 

below.  

3) Small agar plugs (diameter 3 mm) were removed from the interface of a P. aeruginosa - A. 

fumigatus interaction (48h, 30oC ISP2). Either 200µL of H2O/0.1% formic acid, or 35% 

H2O/65% AcN/0.1% formic acid was added and the sample was allowed to stand for 1.5 h 

at rt. The aqueous extracts were centrifuged and analyzed directly by MS. 

4)  To study the relative amounts of 1-HP (2) in a P. aeruginosa  – A. fumigatus interaction by 

HPLC, 4 co-cultures were grown on separate plates.  Rectangles were cut in the agar 

either on the fungal side, the interaction side, or the P. aeruginosa side and extracted with 

EtOAc (3X 10 mL). The extraction solvent was removed under vacuum and the residue 

taken up in MeOH (100- 500 µL), centrifuged and analyzed by HPLC (C-18, 250 X 4.5 mm, 

1 ml/min) with a gradient of 40 to 55% B in 15 minutes followed by 55% to 100% B in 10 

min. 
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5) For comparison of the phenazine biotransformations by A. fumigatus, 4 fungal colonies, 

each grown adjacent to a paper disk impregnated with a phenazine or a blank control as 

described above, were extracted with nBuOH (3 x 5mL). The solvent was removed under 

vacuum and the residue resuspended in MeOH, centrifuged, and analyzed by MS and 

HPLC (C-18, 250 x 4.6 mm, 1 ml/min) with a gradient of 10 to 100% B in 35 min.  

 

Purification of 1-phenazine sulfate (5) 

A set of 25 ISP2 agar plates was inoculated with four P. aeruginosa - A. fumigatus 

interactions per plate as described above. The plates were incubated for 48h at 30oC and 

rectangles were cut corresponding to the area observed in the MALDI-IMS to contain m/z 277 

Da (Figure 2 of the main article), sliced in small pieces, and treated with EtOAc (50 mL).  After 

sonication for 10 min the mixture was allowed to stand at rt for 2 h. The organic solvent was 

removed and the process was repeated twice. MeOH (50 ml) was added, the mixture was 

sonicated for 10 min and allowed to stand at rt for 2h. After removal of the MeOH layer this 

process was repeated twice. The combined MeOH layers were concentrated under vacuum to 

a small volume, centrifuged and the supernatant was applied to a prewashed and equilibrated 

(water/0.1%TFA) Supelco Discovery DSC-18 20 ml SPE column. After washing with 

water/0.1%TFA, and elution with 30% AcN/water/0.1%TFA, the eluent was concentrated to a 

small volume and subjected to HPLC analysis (C-18, 250 x 10 mm, 2 ml/min) with a gradient of 

10 to 100% B in 35 min to yield 300 µg of phenazine-1-sulfate (5) which was used immediately 

for further studies.  
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Isolation of 1-MP (4) from an inoculation of 1-HP (2) with A. fumigatus 

To 10 tubes with 5 ml of ISP2 liquid culture A. fumigatus spore stock (2.2e6 CFU each 

tube) was added. The tubes were shaken for 24 h at 30oC and combined into a 250 ml liquid 

ISP2 broth and shaken for another 24 h at 30oC. 5 mg of 1-HP (2) in 250 µL DMSO was added 

and the fungal culture was shaken for 4d at 30oC. The entire batch of liquid media was applied 

to a Supelco Discovery DSC-18 20 ml SPE column (equilibrated with water/0.1% TFA). The 

column was subsequently washed with water/0.1% TFA, followed by 30% AcN/water/0.1% 

TFA and the desired product was eluted with 100% AcN/0.1% TFA. The eluent was 

concentrated in vacuum to yield 14.5 mg of material, which was dissolved in MeOH (1 mL) and 

purified by HPLC (C-18, 250 x 10 mm, 2 ml/min) with a gradient of 20 to 100% B in 35 min to 

yield 700 µg of 1-MP (4). 

 

General MS procedures for extract analysis  

For the ion trap and FT-ICR MS data acquisition, each extract or compound was 

dissolved in spray solvent 50:50 MeOH/H2O containing 1% formic acid, and underwent 

nanoelectrospray ionization on a biversa nanomate (Advion Biosystems, Ithaca, NY) using a 

back pressure of 0.3-0.5 p.s.i. and the spray voltage of 1.3 -1.45 kV. MS and MS/MS spectra 

were acquired on a 6.42 T Finnigan LTQ-FT-ICR MS or a Finnigan LTQ-MS (Thermo-Electron 

Corporation, San Jose, CA) running Tune Plus software version 1.0 and Xcalibur software 

version 1.4 SR1. The instrument was first autotuned on the m/z value 816 of a cytochrome C. 

Ions of interest were isolated by the linear ion trap and fragmented by collision induced 

dissociation (CID). Isolation window for ion trap was 1-2 m/z and for FT-ICR 2-3 m/z. Collision 

energy was 35kV for both ion trap and FT-ICR.  



! *!

To generate MS/MS networks, tandem MS data were gathered by infusion of the 

extracts into the mass spectrometer using the Nanomate nanospray source coupled to the ion 

trap. A preprogrammed data acquisition method was used that was generated with the 

instrument’s controlling software: Xcalibur 1.0 (Thermo Electron Corp.). This data acquisition 

method involved repeatedly acquiring a single low-resolution MS1 scan followed by data-

dependent CID (MS2) of the top five most abundant ions from the MS1 scan. Each ion was 

trapped and fragmented three times before being added to an exclusion list. The exclusion list 

size was set to 500 ions, with an exclusion duration of 10 min during the acquisition method. 

The m/z isolation width was set to 2, activation Q at 0.25, the activation time set to 100ms, and 

the activation energy set to 35%. In addition, a FT-ICR full scan of the extract was acquired by 

infusion into the mass spectrometer using the Nanomate nanospray source. 

 

NMR measurement 

Phenazines were dissolved in 50 !L of CD3OD for NMR acquisition. NMR spectra were 

recorded on Bruker Avance III 600 MHz NMR with 1.7 mm Micro-CryoProbe at 298 K, with 

standard pulse sequences provided by Bruker. Data was analyzed using the Topspin 2.1 

software.   

 

Bioassay 

Inhibition of A. fumigatus growth was assessed with an agar disk diffusion assay: 

A. fumigatus spore stock (CFU 1.4 e5) was spread over 100 O.D. x 25 mm Petri dishes 

(Fisherbrand) using glass beads. Paper disks (6 mm) were treated with escalating doses of 

PYO (1) (in EtOH), 1-HP (2) (in EtOH), 1-MP (4) (in EtOH), PCA (3) (in AcN/EtOH), PCN (13) 
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(in AcN/EtOH), phenazine-1-sulfate (5) (in EtOH), or control solvents.  The disks were allowed 

to air dry and placed on the fungal lawn. After incubation at 30oC for 48 h diameters of 

clearance zones were measured in whole mm. 

 

Construction of MS/MS spectral networks 

Tandem mass spectra were clustered according to the protocol described by Watrous et 

al4 with a slight modification; all algorithms assumed precursor mass tolerance of 0.9 Da and 

fragment mass tolerance of 0.3 Da. 

 

Identification of ions within MS/MS networks 

Ions of interest observed in low resolution MALDI-TOF IMS (microflex and autoflex) 

were correlated to high resolution MALDI FT-ICR IMS (P. aeruginosa- A. fumigatus interaction 

at 48h), and MS/MSn data collected with an ion trap and FT-ICR on corresponding extracts. 

Data dependent MS2 of the extracts was converted into a MS/MS network and ions of interest 

and their relationship to other clustered ions was investigated. FT-ICR MS data was used to 

obtain a positive ID for at least one ion in a particular cluster by searching against databases 

including the Antimarin database, dictionary of natural products and SciFinder. Identification 

was verified by analysis of the MSn data, comparison with literature data and commercially 

available materials. Identities of other ions in the cluster were deduced by comparison of MS2 

fragmentation patterns and literature data if available. This process simplified the identification 

process of analogs of molecules that are not listed in currently available databases. 
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1214111_Afum_Pa14_NBUOH_DDhigh_DDHigh #6-15 RT: 0.07-0.20 AV: 2 NL: 2.58E4
T: ITMS + c NSI d Full ms2 875.54@cid35.00  [230.00-1765.00]
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1214111_Afum_Pa14_NBUOH_DDhigh_DDHigh #76-82 RT: 1.51-1.67 AV: 2 NL: 3.87E2
T: ITMS + c NSI d Full ms2 853.51@cid35.00  [220.00-1720.00]
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551.30379.22 792.18690.32663.38593.32457.19267.14 820.33397.22 528.29 711.53 756.50611.30 638.40494.19 843.27347.15303.17 967.84912.96

1214111_Afum_Pa14_NBUOH_DDhigh_DDHigh #111-117 RT: 2.45-2.62 AV: 2 NL: 3.34E3
T: Average spectrum MS2 891.51 (111-117)
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1214111_Afum_Pa14_NBUOH_DDhigh_DDHigh #120-146 RT: 2.71-3.37 AV: 2 NL: 9.58E2
T: Average spectrum MS2 906.41 (120-146)
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1214111_Afum_Pa14_NBUOH_DDhigh_DDHigh #48-53 RT: 0.78-0.89 AV: 2 NL: 1.72E3
T: Average spectrum MS2 928.41 (48-53)
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1214111_Afum_Pa14_NBUOH_DDhigh_DDHigh #113-137 RT: 2.50-3.15 AV: 2 NL: 2.75E2
T: Average spectrum MS2 944.30 (113-137)
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Afum_hydroxyphenazine_IT877 #8-35 RT: 0.18-0.84 AV: 28 NL: 2.58E2
T: ITMS + p NSI Full ms2 878.00@cid35.00 [240.00-1000.00]
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1214111_Afum_Pa14_NBUOH_DDhigh_DDHigh #59-94 RT: 1.09-1.96 AV: 2 NL: 6.16E3
T: Average spectrum MS2 899.42 (59-94)
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T: Average spectrum MS2 915.32 (255-281)
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11825_PA14_afum_HPLC_3-140_1_FT_211_35 #1-15 RT: 0.00-0.41 AV: 15 NL: 2.46E4
T: FTMS + p NSI Full ms2 211.00@cid35.00 [55.00-500.00]

155 160 165 170 175 180 185 190 195 200 205 210 215 220
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

211.0864

183.0915

196.0630

169.4539
215.6255

154.4070 188.6036 200.7512173.1167
184.7129

158.5227 192.5599178.8085 208.7789

197.3452

162.8052
180.8891 213.4258

x10

- Me 

- CO 

11825_PA14_afum_HPLC_3-140_1_IT_211_183_35 #1-76 RT:
T: ITMS + p NSI Full ms3 211.00@cid35.00 183.00@cid35.00 [50.00 ...
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Chemical Formula: C13H11N2O+

Exact Mass: 211.09

N

N

OH

- Me 

N

N

O

Chemical Formula: C13H10N2O
Exact Mass: 210.08

Calc [M+H]+ = 211.0866 
Obs [M+H]+ = 211.0864 
!  = -0.9 ppm 

FT-ICR  
MS1 + MS2 

Pyocyanin (PYO; compound 1)  

MS3 m/z 183 

pyocyanin_FT-211_35 #1-18 RT: 0.00-1.35 AV: 18 NL: 3.02E3
T: FTMS + p NSI Full ms2 211.00@cid35.00 [55.00-400.00]
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EtOAc extract from A. fumigatus – P. aeruginosa interaction 

pyocyanin_FT-211 #1-9 RT: 0.00-0.60 AV: 9 NL: 6.69E4
T: FTMS + p NSI Full ms2 211.00@cid0.00 [55.00-400.00]
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Commercial from Sigma-Aldrich 

FT-ICR  
MS1 + MS2 

C) Spectral analyses 

24 



pyocyanin_IT-211_35 #1-45 RT: 0.00-0.80 AV: 45 NL: 1.01E3
T: ITMS + p NSI Full ms2 211.00@cid35.00 [55.00-400.00]
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25 

11825_PA14_afum_HPLC_3-140_1_IT_211_35 #2-243 RT: 0.00-0.75 AV: 242 NL: 5.58E3
T: ITMS + p NSI Full ms2 211.00@cid35.00 [55.00-500.00]
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Chemical Formula: C13H10N2O
Exact Mass: 210.08

Chemical Formula: C13H11N2O+

Exact Mass: 211.09

N

N

OH

Ion trap 
MS2 211 Da 

PYO (compound 1)  

EtOAc extract from A. fumigatus - P. aeruginosa interaction 

Commercial from Sigma-Aldrich 

Ion trap 
MS2 211 Da 



Hydroxyphenazine_IT-197_35 #1-44 RT: 0.00-0.81 AV: 44 NL: 8.95E2
T: ITMS + p NSI Full ms2 197.20@cid35.00 [50.00-1000.00]
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090411AfumPA14_3_140_fr6_IT197 #1-586 RT: 0.00-1.87 AV: 586 NL: 1.87E4
T: ITMS + p NSI Full ms2 197.00@cid35.00 [50.00-400.00]
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26 

-H2O 

-CO 

-43 

Chemical Formula: C12H8N2O
Exact Mass: 196.06

N

N

OH

Calc [M+H]+ = 197.0710 
Obs [M+H]+ = 197.0707 
!  = -1.5 ppm 

1-Hydroxyphenazine (1-HP; compound 2)  

11825_PA14_afum_HPLC_3-140_10_FT_197 #1 RT: 0.00
T: FTMS + p NSI Full ms2 197.00@cid0.00 [50.00-600.00]
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EtOAc extract from A. fumigatus - P. aeruginosa interaction 

Hydroxyphenazine_Ft-197 #1-16 RT: 0.00-1.18 AV: 16 NL: 5.51E4
T: FTMS + p NSI Full ms2 197.00@cid0.00 [50.00-400.00]
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Commercial from TCI 
FT-ICR data 

Ion trap  
MS2  m/z 197 

Ion trap  
MS1 +MS2  m/z 197 

Fragmentation data in accordance with previous reports.7 
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T: FTMS + p NSI Full ms2 2 ...
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T: FTMS + p NSI Full ms2 2 ...
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T: FTMS + p NSI Full ms3 2 ...
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Chemical Formula: C13H8N2O2
Exact Mass: 224.06

N

N

O OH

- H2O -CO 

Calc [M+H]+ = 225.0656 
Obs [M+H]+ = 225.0655 
!  = -0.4 ppm 

FT-ICR 

Phenazine-1-carboxylic acid (PCA; compound 3)   
commercial phenazineAcidHPLC_FT225_w2 #1-25 RT: 0.00-0.42 AV: 25 NL: 1.03E7
T: FTMS + p NSI Full ms2 225.00@cid0.00 [60.00-400.00]
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commercial phenazineAcidHPLC_FT225_w2 #24-37 RT: 0.41-0.64 AV: 14 NL: 6.88E6
T: FTMS + p NSI Full ms2 225.00@cid35.00 [60.00-400.00]
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commercial phenazineAcidHPLC_FT225_w2 #55-64 RT: 0.98-1.15 AV: 10 NL: 1.18E6
T: FTMS + p NSI Full ms3 225.00@cid35.00 207.00@cid35.00 [55.00-400.00]
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173.9153

MS2 MS3 

EtOAc extract A. fumigatus - P. aeruginosa interaction 

 
Commercial from Princeton Bioblocks 

Fragmentation data in accordance with previous reports. 7 



methoxyphenzine_IT-211-35 #1-53 RT: 0.00-0.95 AV: 53 NL: 1.39E4
T: ITMS + p NSI Full ms2 211.00@cid35.00 [55.00-1000.00]
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methoxyphenzine_IT-211 #1 RT: 0.00 AV: 1 NL: 5.02E4
T: ITMS + p NSI Full ms2 211.00@cid0.00 [55.00-1000.00]
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1-Methoxyphenazine (1-MP; compound 4) 
Commercial from TCI 

methoxyphenzine_FT-211_35 #1-17 RT: 0.00-0.99 AV: 17 NL: 3.67E4
T: FTMS + p NSI Full ms2 211.00@cid35.00 [55.00-400.00]
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x2

methoxyphenzine_FT-211 #1 RT: 0.00 AV: 1 NL: 1.05E5
T: FTMS + p NSI Full ms2 211.00@cid0.00 [55.00-400.00]
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Chemical Formula: C13H10N2O
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methoxyphenzine_IT-211-35 #1-53 RT: 0.00-0.95 AV: 53 NL: 1.39E4
T: ITMS + p NSI Full ms2 211.00@cid35.00 [55.00-1000.00]
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T: ITMS + p NSI Full ms3 25 ...
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-CO 
-COH 

-Me 

1-MP (compound 4) 
EtOAc extract from A. fumigatus – P. aeruginosa interaction 

 

N

N
O

Chemical Formula: C13H10N2O

Calc [M+H]+ = 211.0866 
Obs [M+H]+ = 211.0864 
!  = -0.9 ppm 

Ion trap 
MS2 211 Da 

AfumPA14Extract140-10_FT #1-50 RT: 0.00-0.80 AV: 50 NL: 3.29E5
T: FTMS + p NSI Full ms [50.00-1000.00]
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211fromAfuminteraction_4_61fr6_Ft_211 #27-132 RT: 1.34-4.01 AV: 106 NL: 2.62E3
T: FTMS + p NSI Full ms2 211.00@cid35.00 [55.00-1000.00]

120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215
m/z
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190.2487 203.7136148.2708 157.5744 168.4882126.8602 178.9958

200 210 220

211.0866

1-MP (compound 4) 
Metabolism product from 1-hydroxyphenazine by A. fumigatus (EtOAc extract)   

211fromAfuminteraction_4_61fr7_IT-211 #1-6 RT: 0.00-0.38 AV: 6 NL: 1.33E3
T: ITMS + p NSI Full ms2 211.00@cid35.00 [55.00-1000.00]
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200 220

211.09

N

N
O

Chemical Formula: C13H10N2O

Calc [M+H]+ = 211.0866 
Obs [M+H]+ = 211.0866 
!  = 0 ppm 

FT-ICR 
MS2 211 Da 

Ion trap 
MS2 211 Da 

183.0917 
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1H NMR of commercial 1-MP compared with metabolite 
product from 1-HP by A. fumigatus 

31 

[ppm] 8  6  4  2 

[ *
1e

6]
 5

0 
 1

00
 

 1
50

 

4_158_OMePhen2  6  1  C:\Bruker\TOPSPIN  Wilna

4_158_OMePhen2  6  1  C:\Bruker\TOPSPIN  Wilna
Scale : 1.00 

CommercialMethoxyphenazine  1  1  C:\Bruker\TOPSPIN  Wilna
Scale : 0.3994 

Commercial 1-MP 

Biotransformation product 
from 1-HP 



32 

[ppm] 8.2  8.0  7.8  7.6  7.4  7.2 

[ *
1e

6]
 5

0 
 1

00
 

 1
50

 

4_158_OMePhen2  6  1  C:\Bruker\TOPSPIN  Wilna

4_158_OMePhen2  6  1  C:\Bruker\TOPSPIN  Wilna
Scale : 4.00 Shift : -0.0502 ppm = -30.1017 Hz

CommercialMethoxyphenazine  1  1  C:\Bruker\TOPSPIN  Wilna
Scale : 1.5974 

1H NMR of commercial 1-MP compared with metabolite 
product from 1-HP by A. fumigatus 

Commercial 1-MP 

Biotransformation product 
from 1-HP 

1H NMR (MeOD, 600 MHz) 4.17 (s, 3H), 7.27 (d, 1H, J = 7.5 Hz), 7.79 (dd, 1H, J = 8.8 Hz, J = 0.96 Hz), 7.86 (dd, 1H, J =7.5 Hz, J = 8.8 Hz), 
7.91-7.96 (m, 2H), 8.20-8.22 (m, 1H), 8.31-8.33 (m, 1H). 



090411AfumPA14_4_6Fr7_FT277 #1-28 RT: 0.00-2.59 AV: 28 NL: 6.73E2
T: FTMS + p NSI Full ms2 277.00@cid0.00 [75.00-400.00]
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m/z
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090411AfumPA14_4_6Fr7_IT277 #1-110 RT: 0.00-0.84 AV: 110 NL: 7.24E2
T: ITMS + p NSI Full ms2 277.00@cid35.00 [75.00-400.00]
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090411AfumPA14_4_6Fr7_IT277_197 #2-211 RT: 0.01-1.69 AV: 210 NL: 2.05E2
T: ITMS + p NSI Full ms3 277.00@cid35.00 197.00@cid35.00 [50.00-400.00]
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- SO3 

- SO3 
- 79.9569 

Calc [M+H]+ = 277.0278 
Obs [M+H]+ = 277.0278 
!  = 0 ppm 

N

N
O S O

O OH

Chemical Formula: C12H8N2O4S

Phenazine-1-sulfate (compound 5) 
MeOH extract isolated from A. fumigatus - P. aeruginosa interaction. 

Same fragmentation for m/z 277 Da isolated from interaction of A. fumigatus with 1-HP and PCA 

FT-ICR 
MS1 + MS2 

Ion trap 
MS1 + MS2 

Ion trap 
MS3 197 Da 

Same fragmentation as 1-HP 
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1H NMR  of phenazine-1-sulfate (compound 5)  
 

[ppm] 8.4  8.2  8.0  7.8 

[ *
1e

6]
 0

 
 1

 
 2

 
 3

 
 4

 
 5

 

8.
40

18
8.

39
96

8.
39

64
8.

38
90

8.
38

50

8.
23

21
8.

22
83

8.
22

09
8.

21
77

8.
21

55

8.
07

28
8.

07
09

8.
06

03
8.

05
84

8.
03

50
8.

03
31

8.
02

03
8.

01
84

7.
95

14
7.

94
84

7.
94

41
7.

93
93

7.
93

44
7.

93
02

7.
92

73
7.

92
17

7.
90

91
7.

90
71

7.
89

44

0.
20

77

1.
03

10

1.
00

00

1.
02

10

1.
01

60

3.
33

28

"WM4-6 fr 7 sulfonphenazine"  5  1  C:\Bruker\TOPSPIN  Wilna

MeOH extract of interaction A. fumigatus – P. aeruginosa 



COSY of phenazine-1-sulfate (compound 5)  
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"wm4-6phenazineSulfon fr7 2D"  4  1  C:\Bruker\TOPSPIN  Wilna

N

N
OSO3H

H1

H2
H3H4

H5

H6
H7

1H NMR (MeOD, 600 MHz) 7.91 (H2, dd, 1H, J = 7.6 Hz, J = 8.8 Hz), 7.92-7.97 (H5, H6, m, 2H), 8.03 (H1 or H3, dd, 1H, J = 8.8 Hz, J = 1.1 Hz),  
8.06 (H1 or H3, dd, 1H, J =7.5 Hz, J = 1.1 Hz), 8.38-8.40 (H4 or H7, m, 1H), 8.31-8.33 (H4 or H7, m, 1H). 



82911PA14_AfumFr4_877_FT 877 #1-24 RT: 0.00-3.80 AV: 24 NL: 1.38E3
T: FTMS + p NSI Full ms2 877.00@cid0.00 [240.00-1400.00]
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789.3617611.2508 831.3733438.6865 664.4062547.2347 730.2874

534.2031451.2295

x2 N
O

O

O
O

N

O

H
N

O O

O

N
O

O

O

O HNN
H
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O

O

Al3+

-284.1390 
-112.0543 

765.3249 

-172.0866 

Al3+ complexed triacetylfusarinine C (compound 6) 
EtOAc extract from A. fumigatus – P. aeruginosa interaction  
Same data for EtOAc extract A. fumigatus /1-HP interaction 

 
 

C39H58N6O15Al 
Calc [M+H+] 877.3775 
Obs [M+H+] 877.3792 
! =  -1.9 ppm 

 

Loss C6H8O2 
Calc 112.0524 

Loss C7H12N2O3 
Calc 172.0848 

2X 

-H2O 

-H2O 

FT-ICR 
MS1+MS2 

Key Fragments 
[MH -112]+ = 765 * 
[MH-171-H]+ = 705 
[MH-283-H]+ = 593 
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4-6fr8_IT877 #1-54 RT: 0.00-0.64 AV: 54 NL: 3.17E3
T: ITMS + p NSI Full ms2 877.30@cid35.00 [240.00-1000.00]
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-172.09 

-112.09 
-112.09 

-172.09 

-112.09 

309 

[MH -112]+ = 765 * 
[MH-171-H]+ = 705 
[MH-283-H]+ = 593 
[MH-283-112-H]+ = 481 
[MH-283-171-2H]+ = 421 
[MH-283-283-2H]+ = 309 

* Fragmentation analogous to Fe3+ bound triacetylfusarinine C (compound 7) which is in accordance with reported data.8,9  

Repeated loss of (N-OH) ornithine and acyl units Ion trap 
MS1+ MS2 

Al3+ complexed triacetylfusarinine C (compound 6) 
EtOAc extract from A. fumigatus – P. aeruginosa interaction  
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4-121fr12_FT906_2 #1-58 RT: 0.00-1.90 AV: 58 NL: 9.61E3
T: FTMS + p NSI Full ms2 906.30@cid35.00 [245.00-1000.00]
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-112.0511 

-172.0829 

-112.0508 

H2O 

H2O 

CO+H2O+CH2 

Fe3+ complexed triacetylfusarinine C (compound 7) 

C39H58N6O15Fe 
Calc [M+Fe3++H+] 906.3309 
Obs [M+Fe3++H+] 906.3248 
! =  -6.8 ppm 

Loss C6H8O2 
Calc 112.0524 

Loss C7H12N2O3 
Calc 172.0848 

5X 

FT-ICR 
MS1+MS2 

EtOAc extract from A. fumigatus – P. aeruginosa interaction. Same results for A. fumigatus – 1-HP extract 

Main fragments 
[MH -112]+ = 794 * 
[MH-171-H]+ = 734 
[MH-283-H]+ = 622 

* Fragments are in accordance with reported data. 8,9  
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4-6fr8_IT906 #1-100 RT: 0.00-1.57 AV: 100 NL: 8.22E2
T: ITMS + p NSI Full ms2 906.30@cid35.00 [245.00-1000.00]
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Fe3+ complexed triacetylfusarinine C (compound 7) 

Repeated loss of (N-OH)ornithine and acyl units 
[MH -112]+ = 794 * 
[MH-171-H]+ = 734 
[MH-283-H]+ = 622 
[MH-283-112-H]+ = 510 
[MH-283-171-2H]+ = 450 
[MH-283-283-2H]+ = 338 

Ion trap 
MS1+ MS2 

* Fragments are in accordance with reported data. 8,9  
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120208_PA14_Af293_1 #428-1895 RT: 6.33-29.62 AV: 9 NL: 2.75E2
T: Average spectrum MS2 727.67 (428-1895)
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Fungal siderophore  fusarinine C (uncomplexed form of 8) 
Water/AcN/FA extract from A. fumigatus – P. aeruginosa  interaction 

Ion trap MS2 m/z 727 

Loss C6H8O2 
112 Da 

Loss C5H10N2O2 
130 Da 

[MH -112]+ = 615 * 
[MH-130]+ = 597 
[MH-242]+ = 485 
[MH-242-112]+ = 373 
[MH-242-130]+ = 355 
[MH-242-242]+ = 243 

-H2O 

-NH3 

C33H54N6O12 
Calc [M+H+] 727.3886 
Obs [M+H+] 727.3872 
! =  -1.9 ppm 
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HO

OH

Chemical Formula: C27H47N6O10+

Exact Mass: 615.3348

H2N
NH2

H2N

N
O

O
O

OH

O

N
O

OH

OH

Chemical Formula: C22H37N4O8+

Exact Mass: 485.2606

H2N
NH2

N
O

O
O

O

NH
OH

OH

Chemical Formula: C16H29N4O6+

Exact Mass: 373.2082

H2N
NH2

N
O

O
HO

OH

Chemical Formula: C11H19N2O4+

Exact Mass: 243.1339

H2N
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32012AfumPA14I_AcN_H2O_IT_751 #14-57 RT: 0.77-3.30 AV: 44 NL: 4.96
T: ITMS + p NSI Full ms2 751.00@cid35.00 [205.00-900.00]

250 300 350 400 450 500 550 600 650 700 750
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

509.36 751.45

624.36

733.45

463.36
576.36527.27 669.73481.27 723.36

660.73588.73382.27 705.45336.18 492.36417.73 561.45285.18 379.27 606.27267.18243.18 446.27306.18

[MH -112]+ = 639* 
[MH-242]+ = 509 
[MH-242-112]+ = 397 
[MH-242-130]+ = 379 
[MH-242-242]+ = 267 

Loss C6H8O2 
Calc 112.0524 

Loss C5H10N2O2 
Calc 130.0742 

C33H51N6O12Al 
Calc [M+H+] 751.3453 
Obs [M+H+] 751.3456 
! =  +0.4 ppm 

 

-CO + H2O 

-CO 

-242 Da 

-242 Da 

-112 Da 

-NH 
-112 Da 

397 

-130 Da 

Ion trap 
MS1+MS2 

FT-ICR 
509.2189 
C22H34AlN4O8 
! = +0.4 ppm 

Aluminium complexed siderophore  fusarinine C (compound 8) 
Water/FA extract from A. fumigatus – P. aeruginosa  interaction 

m/z 751 is also observed in purified ferri-fusarinine C but no MS2 fragmentation was reported.10 

 
624.2824 
C22H34AlN4O8 
! = +0.6 ppm 

Loss C11H18O2 
Calc 242.1267 
Obs 242.1267 
! =  0.0 ppm 
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OH H2N

Chemical Formula: C11H19N2O4+

Exact Mass: 243.1339
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Al3+
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3-140Fr6_FT405 #10-33 RT: 0.34-1.27 AV: 24 NL: 1.04E4
T: FTMS + p NSI Full ms2 405.00@cid35.00 [110.00-500.00]
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3-140Fr6_FT405 #1-9 RT: 0.00-0.30 AV: 9 NL: 7.29E4
T: FTMS + p NSI Full ms2 405.00@cid0.00 [110.00-500.00]
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Phenazine-dimer  (compound 9; m/z 405 Da) 
EtOAc extract isolated from A. fumigatus - P. aeruginosa interaction 

Calc [M+H]+ = 405.1346 
Obs [M+H]+ = 405.1345 
!  = -0.3  ppm 

C25H16N4O2 

-OH 

FT-ICR 
MS1 + MS2 

-CO 
-H2O 

Chemical Formula: C12H8N2O
Exact Mass: 196.06

N

N

OH -CO 
-C2H4 

349.1085 

FT-ICR 
MS1 
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3-140Fr6_IT405_2 #23-109 RT: 0.10-0.50 AV: 87 NL: 1.50E3
T: ITMS + p NSI Full ms2 405.00@cid35.00 [110.00-500.00]
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3-140Fr6_IT405_197 #60-251 RT: 0.56-1.72 AV: 192 NL: 3.49
T: ITMS + p NSI Full ms3 405.00@cid35.00 197.00@cid35.00 [50.00-500.00]
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x50

Phenazine-dimer  (compound 9; m/z 405 Da) 
EtOAc extract isolated from A. fumigatus - P. aeruginosa interaction 

Ion trap MS1 + MS2 

Ion trap MS3 
197 Da 

Chemical Formula: C12H8N2O
Exact Mass: 196.06

N

N

OH

Same fragmentation as 1-HP 
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82911PA14_AfumFr6_405_FT_405_377_349 #
T: FTMS + p NSI Full ms4 405.00@cid35.00 ...
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82911PA14_AfumFr6_405_FT_405_377 #1-52 RT: 0.00-3.05
T: FTMS + p NSI Full ms3 405.00@cid35.00 377.00@cid0.0 ...
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-CH3 

FT-ICR 
MS3 377 Da 

Phenazine-dimer  (compound 9; m/z 405 Da) 
EtOAc extract isolated from A. fumigatus - P. aeruginosa interaction 

82911PA14_AfumFr6_405_IT_405_377_35 #1 RT: 0.00 AV:
T: ITMS + p NSI Full ms3 405.00@cid35.00 377.00@cid35.0 ...
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Ion trap 
MS3 377 Da 

82911PA14_AfumFr6_405_IT_405_377_349 #1-217 RT:
T: ITMS + p NSI Full ms4 405.00@cid35.00 377.00@cid35.0 ...
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-CH2N 
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-C2H4 

FT-ICR 
MS4 349 Da 

Ion trap 
MS4 349 Da 

N

N
O

N

N

OH

C25H16N4O2 

Putative structure 
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3-140Fr6_IT433 #1-109 RT: 0.00-0.62 AV: 70 NL: 2.70E2
T: ITMS + p NSI Full ms2 433.00@cid35.00 [115.00-500.00]
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x10

Phenazine-dimer  (compound 10; m/z 433 Da) 
EtOAc extract isolated from A. fumigatus - P. aeruginosa interaction 

-CO 

-CO2 

-CH3 

-H2O 

-CO2\ 
- CH3 

Calc [M+H]+ = 433.1295 
Obs [M+H]+ = 433.1270 
!  = -5.7 ppm 

C26H16N4O3 

Ion trap MS1 + MS2 

433 Da 

11825_PA14_afum_HPLC_3-140_6_FTfull #1-111 RT: 0.00-2.06 AV: 111 NL: 5.07E2
T: FTMS + p NSI Full ms [80.00-2000.00]
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3-140Fr6_IT433_197 #1-132 RT: 0.00-1.30 AV: 132 NL: 8.51E-2
T: ITMS + p NSI Full ms3 433.00@cid35.00 197.00@cid35.00 [50.00-500.00]
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3-140Fr6_IT433_211 #1-172 RT: 0.00-1.87 AV: 172 NL: 2.47E-1
T: ITMS + p NSI Full ms3 433.00@cid35.00 211.00@cid35.00 [55.00-500.00]
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Phenazine-dimer  (compound 10; m/z 433 Da) 
EtOAc extract isolated from A. fumigatus - P. aeruginosa interaction 

Ion trap MS3 – m/z 197 

Ion trap MS3 – m/z 211 

Same fragmentation as PYO 

Same fragmentation as 1-HP 
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4-113Afu_outsideHPLCFr3_IT433_389 #5-21 RT: 0.08-0.39 AV: 17 NL: 6.14E1
T: ITMS + p NSI Full ms3 433.20@cid35.00 389.00@cid35.00 [105.00-500.00]
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x10

Phenazine-dimer  (compound 10; m/z 433 Da) 
EtOAc extract isolated from A. fumigatus - P. aeruginosa interaction 

-CO 

-CH3 

-CO 
-CH3 

-196 Da 

Ion trap MS2 – m/z 389 

Putative structure 

N

N
N

N

OH

OHO

Me

C26H16N4O3 
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Quinolone PQS m/z 260 (Aldrich) (compound  class 11)  
 quinolone PQS_IT_260 #45-100 RT: 0.44-0.99 AV: 56 NL: 3.46E5

T: ITMS + p NSI Full ms2 260.30@cid35.00 [70.00-1000.00]
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Calc [M+H]+ = 260.1646 
Obs [M+H]+ = 260.1641 
!  = -4.8 ppm 

11825_PA14_afum_HPLC_3-140_12_IT_260_35 #1-337 RT: 0.00-1.01 AV: 337 NL: 4.26E5
T: ITMS + p NSI Full ms2 260.00@cid35.00 [70.00-600.00]
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N

OH
OH

H

Chemical Formula: C10H9NO2•+

Exact Mass: 175.0628

N

OH
OH

H

Chemical Formula: C11H10NO2+

Exact Mass: 188.0706

Chemical Formula: C11H10NO+

Exact Mass: 172.0757

N

OH

H

N

OH

H

Chemical Formula: C12H12NO+

Exact Mass: 186.0913

N

OH

H

Chemical Formula: C10H9NO•+

Exact Mass: 159.0679

N

OH
OH

H

Chemical Formula: C10H9NO2•+

Exact Mass: 175.0628

N

OH
OH

H

Chemical Formula: C11H10NO2+

Exact Mass: 188.0706

PQS 

Quionolones PQS and HQNO m/z 260 Da  EtOAc extract from A. fumigatus – P. aeruginosa interaction 

11825_PA14_afum_HPLC_3-140_12_FT_260again #1-28 RT:
T: FTMS + p NSI Full ms2 260.00@cid0.00 [70.00-600.00]
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PQS 

PQS 

PQS 
HQNO 

HQNO 

HQNO 

HQNO 

These spectra are consistent with published MS2 data for both compounds.11 For quinolone nomenclature see reference 5.   

Ion trap 
MS1+MS2 

Ion trap 
MS1+MS2 

Chemical Formula: C16H21NO2
Exact Mass: 259.16

N
H

OH
O

N

O

OH

HQNO 

N
H

O
OH
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090411AfumPA14_3_140_fr13_IT286 #4-544 RT: 0.01-1.57 AV: 541 NL: 2.98E5
T: ITMS + p NSI Full ms2 286.00@cid35.00 [75.00-500.00]
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x5

090411AfumPA14_3_140_fr13_FT286 #1-79 RT: 0.00-2.01 AV: 79 NL: 1.58E6
T: FTMS + p NSI Full ms2 286.00@cid0.00 [75.00-500.00]
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x40 x20

N
H

O
OH

Chemical Formula: C18H23NO2
Exact Mass: 285.17

Location of double bond 
not determined 

-H2O 

-H2O 

Calc [M+H]+ = 286.1802 
Obs [M+H]+ = 286.1790 
!  = -4.2 ppm 

Quionolones m/z 286 Da (compound class 11)  
 EtOAc extract from A. fumigatus – P. aeruginosa  interaction 

N

O

Chemical Formula: C18H23NO2
Exact Mass: 285.17

OH
+ 

C9:db-NQNO C9:db-PQS 

Ion trap 
MS1+MS2 

FT-ICR 
MS1+MS2 

For quinolone nomenclature see reference 5.   
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PA14control_Datadependent5 #18 RT: 0.39 AV: 1 NL: 2.76E5
T: ITMS + c NSI d Full ms2 673.37@cid35.00 [175.00-1360.00]
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- 146 Da 
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- 316 Da 

Rha-Rha-C10Na 

Rha-C10-C10Na 

Rha-C10Na 

C10-C10Na 

C10Na 

Rha-Rha-H2O/Na 

Calc [M+H]+ = 673.3770 
Obs [M+H]+ = 673.3742 
!  = -4.2 ppm 

11825_PA14_afum_HPLC_3-140_15_FT #1-13 RT: 0.00-0.24 AV: 13 NL: 7.28E5
T: FTMS + p NSI Full ms [50.00-2000.00]
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[M+Na]+ 

[M+H]+ 

Rhamnolipid m/z 673 Da (Na+ salt) (compound class 12)  
 nBuOH extract from A. fumigatus – P. aeruginosa  interaction 

These spectra are consistent with published MS2 data for rhamnolipids.12  Stereochemistry shown is based on reported structural 
identification - for an overview of identified rhamnolipid congeners and nomenclature see ref 6.  

Ion trap 
MS2  m/z 673 

OH

OH.Na+

O

Chemical Formula: C10H20NaO3+

Exact Mass: 211.1305

OH

O

O OH.Na+

O

Chemical Formula: C20H38NaO5+

Exact Mass: 381.2611

O
O

HO
HO

OH

O

O

OH.Na+

O

Chemical Formula: C26H48NaO9+

Exact Mass: 527.3191

O
HO

HO

O

O
HO OH.Na+

HO

Chemical Formula: C12H20NaO8+

Exact Mass: 315.1050

O
O

HO
HO

O

O
HO OH

HO

O

O

OH.Na+

O

C32H58O13Na+ 
O

O

HO
HO

O

O
HO OH

HO

OH.Na+

O

Chemical Formula: C22H40NaO11+

Exact Mass: 503.2463

Rha-Rha-C10-C10 
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T: FTMS + p NSI Full ms2 2 ...
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T: FTMS + p NSI Full ms2 2 ...
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T: FTMS + p NSI Full ms3 2 ...
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T: ITMS + p NSI Full ms3 22 ...
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T: ITMS + p NSI Full ms4 22 ...
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Chemical Formula: C13H9N3O
Exact Mass: 223.07

-NH3 -CO -HCN 

Calc [M+H]+ = 224.0819 
Obs [M+H]+ = 224.0816 
!  = -1.3 ppm 

Phenazine-1-carboxyamide (PCN; compound 13)  
commercial phenazineamide_FT224 #1-24 RT: 0.00-0.41 AV: 24 NL: 4.12E5
T: FTMS + p NSI Full ms2 224.00@cid0.00 [60.00-800.00]
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commercial phenazineamide_FT224 #60-132 RT: 1.05-2.42 AV: 73 NL: 8.09E4
T: FTMS + p NSI Full ms3 224.00@cid35.00 207.00@cid0.00 [55.00-800.00]
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commercial phenazineamide_FT224 #28-56 RT: 0.48-0.97 AV: 29 NL: 2.85E5
T: FTMS + p NSI Full ms2 224.00@cid35.00 [60.00-800.00]
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FT-ICR MS2 

FT-ICR MS3 

 EtOAc extract A. fumigatus - P. aeruginosa interaction 

Commercial from Princeton Bioblocks 

Ion trap 
 MS2 

Ion trap 
 MS3 Ion trap 

 MS4 

Fragmentation data in accordance with previous reports. 7 
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11825_PA14_afum_HPLC_3-140_4_Ftf_239 #1 RT: 0.00 AV:
T: FTMS + p NSI Full ms2 239.00@cid0.00 [65.00-500.00]
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11825_PA14_afum_HPLC_3-140_4_Ftf_239_35 #1 RT: 0.00
T: FTMS + p NSI Full ms2 239.00@cid35.00 [65.00-500.00]
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- CO2 

Chemical Formula: C14H11N2O2+

Exact Mass: 239.08

N

N

O OH

Calc [M]+ = 239.0816 
Obs [M]+ = 239.0809 
!  = -2.9 ppm 

FT-ICR data 

5-N-methyl-phenazine-1-carboxylicacid (5-MPCA; compound 14)  
EtOAc extract from A. fumigatus - P. aeruginosa interaction 

MS2 
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T: ITMS + p NSI Full ms2 23 ...
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T: ITMS + p NSI Full ms2 23 ...
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- CO2 

- CH3 
11825_PA14_afum_HPLC_3-140_4_IT_239_195_35 #1 RT: 0.00 AV: 1 NL: 6.09
T: ITMS + p NSI Full ms3 239.00@cid35.00 195.00@cid35.00 [50.00-500.00]
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-CH2N (28) 

Chemical Formula: C14H11N2O2+

Exact Mass: 239.08

N

N

O OH

Ion trap MS2 

Ion trap MS3 – m/z 195 Da 

MS2 

5-MPCA (compound 14)  
EtOAc extract from A. fumigatus - P. aeruginosa interaction 



C55H84N18O21 
Exact mass 1332.6058 
Calc 667.3101 [M+2H]2+ 

Obs 667.3086 [M+2H]2+ 

! = -2.2 ppm 

Pyoverdin E (compound 15) 
Water/FA extract from A. fumigatus – P. aeruginosa  interaction 

Lys – Fho – Ser – Arg – Ser – Chr- Suca 

Thr 

Thr 

Fho 

Y8 Y7 Y6 Y5 Y4 Y3 

B2 B3 B4 B1 

977 
 

890 734 647 489 617.8 ([M+2H]2+) 

600 687 845 

(1031= Y7 +COCH=CH2) 
Fho = N-formyl-hydroxyl-ornithine 
Chr= chromophore 
Suca= succinamide 

444 
(300) (344) (423) 

120208_PA14_Af293_1 #338-1702 RT: 4.73-26.37 AV: 6 NL: 8.52E2
T: Average spectrum MS2 668.10 (338-1702)
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x4 x10

Y7 COCH=CH2 Y7 

Y6 

B4 

B4(-NH2) 

Y5 B3 

B4 

B3 

Y3 

B1 

B2 

Y4 

Y8 

B2 

FT-ICR 
Calc 489.2667 [M+H]+ 

Obs 489.2653 [M+H]+ 

FT-ICR 
Calc 890.4689 [M+H]+ 

Obs 890.4660 [M+H]+ 

Ion trap 
MS1+MS2 

Fragmentation is in accordance with reported data and stereochemistry shown is based on reported structural data. 13,14 
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120208_PA14_Af293_1 #690-690 RT: 10.85-10.85 AV: 3 NL: 2.13E4
T: ITMS + p NSI d Full ms2 324.96@cid35.00 [75.00-660.00]
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PA14extract_water_FT325 #1-87 RT: 0.00-2.34 AV: 87 NL: 1.57E4
T: FTMS + p NSI Full ms2 325.10@cid0.00 [85.00-500.00]
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Chemical Formula: C14H16N2O3S2
Exact Mass: 324.0602

Pyochelin m/z 325 Da (compound 16)  
H2O/AcN/FA extract from A. fumigatus – P. aeruginosa  interaction 
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Chemical Formula: C5H8NO2S+

Exact Mass: 146.0270

Calc [M+H]+ = 325.0675 
Obs [M+H]+ = 325.0665 
!  = -3.1 ppm 
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Chemical Formula: C4H6NS+

Exact Mass: 100.0215

C13H12N2OS2 

C10H10NOS2 

C7H10NO2S 

FT-ICR 
MS1+MS2 

Ion trap 
MS1+MS2 

For initial pyochelin characterization and FAB-MS fragmentation see ref 15. 55 
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82911PA14_AfumFr4_299_FT 299 #2-110 RT: 0.02-3.30 AV: 109 NL: 2.54E4
T: FTMS + p NSI Full ms2 299.00@cid0.00 [80.00-600.00]
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82911PA14_AfumFr4_299_IT 299 #1-290 RT: 0.00-1.63 AV: 290 NL: 3.40E3
T: ITMS + p NSI Full ms2 299.00@cid35.00 [80.00-1400.00]
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MS2 fragmentation data is in accordance with published data.16 
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11825_PA14_afum_HPLC_3-140_f9_FTfullspectrum #2-72 RT: 0.02-1.27 AV: 71 NL: 6.75E5
T: FTMS + p NSI Full ms [50.00-1500.00]
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Fumigaclavine C 
Detected in EtOAc extract of interaction between A. fumigatus and P. aeruginosa 

C23H30N2O2

11825_PA14_afum_HPLC_3-140_f9_IT_367_35 #1-313 RT: 0.00-0.93 AV: 313 NL: 4.21E4
T: ITMS + p NSI Full ms2 367.00@cid35.00 [100.00-600.00]
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MS2 fragmentation data is in accordance with published data.16 
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